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Prevalence of abnormal serum aminotransferase

(values 1n overweight and obese adolescents
" Richard 5, Stras, MD, Sarab E. Barlow, 20, 208, and William H, Dietz, 20, pbD

Objectives: {1 To determine the prevalence of abnormal liver enzymes in
everweight and obese adalescents and (2) to determine the relationship of
alenhil iﬂ.gt-ﬂ-l'il:lrl and serum antiowidants 1o the presence of abnormal liver
EnzyTned in ﬁbtﬁu'-:i.ght and ohese adolescents,

Methods: Serum alanine aminotransferase (ALT) and Feglatamy] transpep-
tidase levels were measured in 2450 children between the ages of 12 and 18
years, enrolled in the National Health and Examination Survey, eycle 111
(NHAMNES I11). Obesity was defined as a body mass index »95th pereentile
for age and sex. Overweight was defined as a body mass index >88th per-
centile for age and sex. Numritional intake was assessed by 24-hour dietary
recall and food frequency questionmaires. Serum antioxidants were med-
sured by high-pressure liquid chromatography.

Results: Sixty percent of adolescenes with elevated ALT levels were sither
averweight or obese, Crverall, 8% of overweight adolescents had elevated
ALT levels (odds ratio: 3.4 [95% CI: 3.5:12.8]). Ten percent of obese ado.
lescents had elevated ALT levels (odds ratio: 6.7 [95% CI: 3.5-12.8]). In ad.
dition, approximately 1% of cbese adolescents demonsizated ALT levels
aver twice normal, Approximately 500 of of cheese adalescents wha re-
p-cm:ed. mocdest &l oohol iﬂgnﬁun I:'q times per month or more) had elevated
ALT levels {odds ratio: 10LE, 95% CL 1.5-77). Other factors assaciated with
elevated ALT levels in overweight and obese adolescents inchede increased
age, elevated glycolated hemoglobin, elevated triglveerides, and decreased
levels of serum antisddants —vitamin E, f-carotene, and vitamin C.
Conclusion: Cverweight and obesity are the most common findings in ade-
lescents with elevated ALT levels. Even modest aleahal consumption may
I?IiE['Ii.EL'I.I.'III_'f' increases the likelihood of abese adolescents "i“'E]“Pi"E ':‘b’ﬂi'.:f"
related liver diseass, ] Pediace 2000; 136:727-33)
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Nonalooholic steatohepatifis is a com-
mon cause of chronie liver disease in
:ﬂ:uae adults. ."l.ut-nps:," 5||:I.1|.‘|.i1,‘:3 SuppEesl
that apPrnximm:c]I}r 194 of obese
adules have evidence of MASH.! Cither
studies suggest that up to 60% to FHe
af obese adults have evidence of steara-
sts on liver hiopay, and approximately
20% have evidence of active inflamma-

tion and Akrosis 2

See related articles,p. 711,
P 734, and p. 739,

The prevalence of NASH among
obese adolescents is unknown. Moran
et al® first demonstrated severe hepati-
tis and fibrosis in 3 children aged 10 to
13 years.® Baldridge et al® also de-
scribed severe changes of steatchepari-

tis associated with portal inflammation
and portal fibrosis in 14 obese chil-
dren, In saddition, Kinugasa et al” de-
seribed the presence of significant
steatohepatitis in 8 of 11 obese Japan-
ese children who underwent liver biop-
v [or elevated lover enzymes. With the
use of hepatic ultrasonography, Tomi-
naga et &l° found Fatty changes in ap.
proximately 22% of obese h-e:lg.u. and
girls aged 4 to 12 years old.® Unlori-
I'Ll‘ttE'_'r'. serum aminotransferases were
not measured,
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Fig I Degree of ALT elevations in nonmal weight, overwaight, and cbese chidren. Mild ALT sleva-
tans (1 2o 150 noemal]) were sgnificantly more commen in both cverweipht [P < 1) and obese

(F = 001} adolescents than in norrnal weight sdolescents. However; only obese adolsoents had ALT

ehvations 1.5 10 2 normnal (P < 05) ared greater than 2 times normal (P < 00104 sirndar trend
wis 2e oboerved for ALT lewels preater than 2 tives normal i svirasicht adolescenss (P = 08)

To address the inflluence of child-

hood ebesity on the prevalence of liver
enzyme abnormalities in & large cross-
sectional sample of American children,
data were analyzed from the Mational
Health and Mutritieon Examination

TIE

Table I Characteristics of children ennclled in MHAMES N, |986- 1994

Survey, cycle 111, & nationally repre-
sentative sample of children and adulis
that was conducted from 1933 through
1994, Comprehensive data including
FaceE, mi.ght_. height, nutritional intake,
and serum antioxidants allowed For
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a.na.]._va'in ur Ph:,-':i.n]nﬁ:‘lc inﬂumm Oy
the serum liver test resulis of over-

weight and normal weight children.

METHODS
Sample

NHAMES 111, the seventh in & series
of large national health examination sur-
veys conducted in the United States
since the 1960s, examined a nasionally
representative sample of children and
adulis between 1988 and 1994, The
sample included 2450 children, ages 12
through 18 years, with liver enzyme
measurements (6% of MHAMES 111
adolescent cohort). Weights and heights
were availzhle for =99% of the children.

Antbropometrics

Body weight and height were mea-
sured according to previously de-
seribed methode” Reference body
mass incdes percentiles were derived
from the first NHANES." This defini-
tign i3 in accerdance with recommen-
dations of the Expert Committee on
Clinical Guidelines for Overaeight in
Adolescence!! and Expert Committee
on Ghtui.t_'.r Evalvation and Treat-
ment.'? Normal weight was defined as
& BMI (kg'm®) <B5th percentile for age
and sex. We classifed adolescents with
a BMI (kg/m?®) »B5th percentile lor age
and sex as orerweirdt and those with a
BMI (kg/m®) »95th percentile for age
and sex as obese. ! 12 For the purposes
of this ttud:,r, “adolescents” were de-
E.na:l a= 12- to IE—J.ur—n-!-l:] q:hi]u:]rcn.

Nutritional Asdedsment

Mutnnonal intake was assessed with
a food Frequency questionnaice and 24-
hour diet recall, The food frequency
guestiovnnaire included an assessment
of alechol intake. Previous studies
have demonstrated the validity and re-
!Ellﬁ].'ily nfrcpnrh:d adolescent aloohnl
intake.!*% Intake of [at, energy, and
protein were calculated with the Units
ed States Department of Agriculture's
Survey Mutrient Dara Base based on
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the 24.hour dietary recall thae the ado-
lescents provided themselves. Inter-
vigws were condacted Pﬁvn.t-:lﬁr I:ur
trained study staff, and stalf peefor-
mance was monitored routinely.

Laboratory Teating

Serum alanine aminotransferase was
measured in 2450 children (859%), and
SETUm Hlu‘i-ﬂ.ml}'l t:'lruPtPﬁdm WS
measured in 1914 (E7%). Serum levels
of glucose, cholesterol, trighreerides,
and glycated |:||:ml:|-5||:||ﬁ|1. WETE FEE-
sared with standardized instruments,
Fasting levels (=6 hours) were obtained
in approximately B0% of adolescents.
Zerum levels of antoxidants wers mea-
sured according to previously de.
scribed methods ' Children with posi-
tive test results For hepatitis B core
antibody, hepatitis B surface antigen,
and hepatitis C antibody were exclud-
ed from the statistical analysis. One
normal weight adolescent with elevated
transferrin saturation (=50%%), serum
ferritin (>90th percentile), and GGTP
was alen excluded. Abnormal ALT lew-
ely were defined a= +30 UYL, abnormal
aspartate aminotransferase values wers
defined as =35 U/, and abnormal
GGTP levels were defined as =35
VLY These cutelf values
to approximately the 97th to 98th per-
centile of the NHANES 111 adolescent

Table ITT, Odds ratios fior elevated lhver enzymes in MHAMES I, 198B-1 994

population and are similar to cutoff val-
wes used in ather studies. ™8

Stalislic

The NHANES 111 atudy oversam.
pled blacks, younger children, and the
elderly. With the use of sample weights
provided by NHANES 111, the data
were adjusted to account For unequal
selection. To adjust for complex sample
design and clustering effects in the
NHAMES Il sample, statistical signif-
icance was assessed with the balanced
repeated replication method with the

soltware package WesWarPC (Westat
Inc, Rockwille, Md) as recommend-
ed.!8 The balanced repeated replication
methed provides for a general means of
estimating variance in elustered, mult-
strata surveys such as NHANES 111
while :.djurlmg for the effects of nonre-
sponse and poststratification.'?
Differences in proportions were as-
sessed with ¥* analysis. Odds ratios
were caloulated with logistic regres-
sion analysis. To provide enough
power to detect signilicant differences
i antioxidants, serum lipids, glyoolat-
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Fig 2. Percertage of chidren with shevated ALT levels by age. Increased prevalence of elevated ALT
levels was demonstrated for each age group of cbess adolescents. Increased prevalence of slevated
ALT b=l was ohsened in | 8yeanald cveremight children A similar trend was abo clserved in

4= 2 | F-pmarald overesight adalescents (P = 1)

ed hemoglobin, and dietary intake of
children with or without abnormal
ALT levels, data from overareight and
abese children were comhbined (BMI
»35th percentile]). Multivariate logistic
regression analysis was used to assess
the independent effects of dietary in-
take, serum antoxidants, seram lipids,
and glycated hemoglobin on the preva-
lence of abnormal ALT levels in over-

weight and obese children,

RESULTS

Approcimately 16% of sdolescents
were overweight [(85th percentile <
ENMI <95th percentile), and 10% wers
obese (BMI =95tk Pemtnﬁlt}. Sirnilap
results were previously reported for the
1988 to 1991 adolescent 1-1.||:|gr|:|up af
MHANES 111" Minimal differences in
sex, age, height, and aleohel consump-
tion extsted hetwesn normal weig]'it,
overweight, and obess children. Ohese
children were more likely 1o be black
than were overweight or normal weight
childeen (P < 001} (Takle I}

Abnormal serum ALT levels were
tound in 79 children. Four of theze

73d

children had evidence of hepartitis B or
C infections and were excluded from
Further analysis {2 normal weight ado-
lescents with hepatitis B core antibody
and surface antigen; 1 overweight and
1 obese adolescent with hepatitis C an-
tibedy). OFf the remaining 75 children
with slevations in serum ALT, 61%
were overweight or obese. OF 55 chil-
dren with isolated elevations in GGTE,
45% were overweight o obese. Overe
all, overweight children were signifi-
cantly more likely to have abnormal
ALT levels compared with normal
weight children (Tables 11 and I11).
Obese children were also significantly
ITLOTE “l:t]_}" b have sbnormal ALT lev-
els compared with normal weight chil-
dren (Tables II and 11}, In additien,
obese children were significantly more
likely to have higher levels of ALT
than were overweight or normal
weight children (Fig 1} 0.8% of obese
children had ALT levels =60 compared
with 0.06% of normal weight children
(P < 001, cdds ratie 12,3, 95% CI, 4.2
to F). Obese children alsa had eleva-
tions in serum GGTE compared with
normal weight children (P < .01).
Creerall, 58% of children with elevated
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ALT levels also had elevated AST lev-
els, and 54% of children with elevated
ALT levels also had elevared GGTE
lewels.

The prevalence of abnormal ALT lew-
els did not dilfer for overweight black
gnd white adolescents (P = .5) or for
obese black and white adolescenta (F =
&). The prevalence of abnormal ALT
levels was significantly higher among
averweight boys compared with over-
weight girls (7.9% va 2.3%, F < .01}
However, there was no difference in ah-
normal ALT levels for obese bovs and
obese girls (10.8% va 7.8%, 2 = 4},
Drerweight and obese adelescents clder
than 16 vears were particulachy likely to
have abnormal ALT levels (Fig 2).

Infleence of Aleobal Ingestion,
Dietary Intake, Sernm
Antioxidants, Serum Lipids, and
Glucose Control

Approximately 8% of adolescents re-
ported that they drank aleohol at least
4 times a month (Table I3, Children
who reported aleohol consumption at
least 4 times & month consumed an av-
erage of 4 drinks per drinking episode.
Approximately 50% of obese adoles-
cents who reported regular consump-
tion of aleshol (24 times per month)
had abnormal ALT levels (Table 103, In
contrast, alcohol consumption by nor-
mal weight children had little effect on
serum ALT ar GGTER levels (Table 113,
Obere adolescents who rv:p-n-ﬂ-nd alea-
h:‘ﬂ int-ulm at |=ast 4 fimes per m{mﬂ\
were significantly more likely to have
elevations in serum ALT than were
obese children who reported drinking
less (odds ratic 1028, 95% CI, 1.5 to
77). In addition, obese children with
elevated ALT levels who consumed al-
eohal regularhy had a significanty high-
er ABTYALT ratio compared with obese
children whe did net drnk alcchol
(0,98 = 0.0F v= 068 = 0,09, F = 01).
Creerall, 92% of obese adoleacents who
reported regular aleohol consumption
were boys. After controlling for aleahol
consumption, there was & small, non-
significant predominance of obese girls
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ﬁﬁ%@ﬂﬁﬁﬁwmmmwl > B3this) with and without abnormal ALT levels in MNEAMES
3 1

with abnormal ALT levels compared
with obese bays (7.9% va 4.2%, Pu 1),
Mo dietary factors other than aleohal
intake were related to the presence of
sbnormal ALT levels in overweight or
abese adolescents. Overweight chil-
dren with or without abnermal ALT
levele did not differ in intake of total
energy, saturated fat, polyunsaturated
fat, or carbohydrate (Table IV).
Orverweight and abese adolescents
with abnormal ALT levels had signifi-
cantly lower levels of the serum antiox-
idants vitamin C, P-carotens, and -
tocopherol compared with everaeight
adolescents with normal ALT levels
(Table IV). Overweight and obese
children with elevated ALT levels also
had significantly higher levels of
glycated hemoglobin (P < .08). Over-
weeight children with dlevased ALT lev-
els were also significantly more likely
to have triglyceride levels =200 mig/d L
{F = 05). Multivariate regression
analysis revealed that only vitamin C
levels (P < 0.05), o-tocopheral levels
(P < 0,05), and glycated hemoglobin
levels {(F < .05) were independently cars
related with elevared ALT levels in

overweight and obese children who did
not consume aleahal. However, even
after controlling for alecohol intake,
serum vitamin C levels, G-tocopherol
levels, and glycolated hemoglobin lev-
els, we found that everweighe adoles-
cents continued to have an increassd
riak for high ALT levels compared with
normal weight adolescents (odds ratio
2.1, 95% CI, 1.2 o 3.8). In a similar
fashion, after aleohal intakes, serum vit-
amin C levels, o-tocopherol levels, and
gl}'dﬂll!d 1 Inn':k WEE COhs=
trolled for, obhese adolescenta remained
at higher riak for inereased ALT levels
than normal weight adalescents {odds
ratie 2.4, 95% CI, 1.1 1o 5.0).

DiscussionN

This study demonstrates that over-
wwight and obesity are the most com-
mon causes of elevated liver enzymes
in adolescents, Owverall, approximately
% of overweight adolescents and 10%
of obese adolescents had abnormal
ALT levels. More than 60% of adoles.
cents with elevated liver enzymes with-

out evidence of either hepatitis Bor C
were overweight or obese. Ohbese ado-
lescents who drank aleohol on & regu-
lar basis were particularly likely to
have abnormal liver test results. Howes
ever, even without aleohel ingestion,
obese adolescents were o times more
likely to bave abnormal serum ALT
levels than normal weight adolescents.

Nevertheless, the prevalence of ab-
poemal serum ALT levels found in this
study was lower than the prevalence
found in other studies of obese adoles-
cents. Studies that indicated that 4%
to 25% of obese adolesconts have ele-
vated serum ALT levels were studies of
children referred to ohesity  cen-
ters. BP0 Unfortanately, these studies
lacked & reference group of healthy
children that would allow researchers
to determine the appropriateness of the
ALT cutaff value for the population
being screened. In addition, ohese chil-
dren referred for specialty treatment
are often the most severely overweight
(i, BMI >180% median).

Most obess individuals with elevated
ALT values have steatoais without asso-
ciated inflammatory or Abrotic reac-

13l
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tiong aon liver |.1i.l:|l:|nu:,:.1'5 Simple steatosis
is considered a benign condition with
little evidence of progression. Howes-
er, approximately 30% of obese adules
with elevated aminotransferase levels
demonstrate steatohepatitis with fAbro-
#i& or circhosis on liver 'hi.-npay.u and
-nppr\mr.'imntt@ 0% af those p-nﬁe:n.t:
have progressive liver disease, ™ In 2
similar manner, a report by Hinugasha
et al” in children suggested thar at least
16% of Japanese abese children with
elevated aminotransferase levels had
Faity liver with associated Ahrosis or cir-
rheais on liver biopsy, Unfortunately,
there is a poor correlation between lev.
els of aminotransferase elevation and
liver dissase, 72426

We hypothesize thar abnormal liver
gnrymes in overweight and obese ado-
lescents may result from & combination
of hyperinsuliniam, hyperlipidemia,
and decreased antinxidant levels. We
have demonstrated that obese children
with abnormal ALT levels had signifi-
Gﬂﬂﬂ}" elevated levels of serum glycat.
& hemaoglobin and serum triglycerides
and significantly lower levels of serum
antinocidants compared with obese chil-
dres with normal ALT levels, Al
ﬂm-ugh levels of anticxidants in obese
children remained in the “normal
range,” they were neverthelsss sub-
$l$n|:i.-l“_1,r lowrer than those mpmu_rd in
nermal weight child ren. 'S Therefore
decreased levels of serum antiocidants
abserved in obese children may be of
sufficient magnitude to increass the
rigk of oxidative injury.'S These find-
ings are particularly interesting be-
cause preliminary data by Lawine®
suggest that vitamin E treatment FiLAY
normalize aminotransferase levels in
obese children with steatohepatitis.
l:l1f¢|‘tuﬂjlqt_llu', Fa.sl:i.ng serum insulin
levels were not measured in adoles-
cents in NHAMNES 111,

The intersction among ohesity, aleo-
hol ingestion, and elevated ALT levels
in adalescents that we have demonstrat-
ed is particularly important because
aclalescent alcohol ingestion may lead to
the rapid development of cirrhosis, OF

s

53 young adults with cirrhosis under
the age of 35 years, 83% began abusing
Hll!dh-b] |:|.1.|.|.'.i|15 adn]:-.:m:nq:c.ﬂ 'I:In
pathologic evaluation, NASH and alco-
helic steatohepatitis appear identical 4
It ia therelfore not surprising that mod-
est -aJthI. :ingt:l‘i.m‘l D'I.il!.r ﬁﬁﬁ.ﬂtfh:‘
obesit-associnted liver disease, Maveau
et al** and Braillon et al® also demon-
strated an increased prevalence of se-
vere hepatic disease in ohese pdulis wheo
consumed aleobal. In additien, animal
studies indicate that obesity may poten-
tiate aleohol-induced periportal mecro-
sis in overfed Sprague-Dawley rats
through depletion of hepatic antigi-
dant defenses™

Most obese adolescents in this study
with abnormal ALT levels wers boys.
Although initial reports on adults BlIE-
g=st that abnormal liver histalogic
characteristics are more commen in
nl}u: WhITEN II1-II'L in oheze MEn; &
later repart by Bacon et al** found a
predominance of MASH in men. Other
studies of ebese children Found a simi-
lar pattern of male predominance of
liver abnormalitiea. 5% However, these
observations were not adjusted for al-
eohel intake or other possible contrib-
utory factars.

Several limitations to this study exist.
Liver diseass, other than steatosiz or
steatohepatitis, may be present in obese
children with elevated hiver enzymes (=,
- l-antitrypsin dehciency, Wilson's dis-
ease, autpimmune hepatitis), Howswver,
these ather chronie lver disarders are
rare and are therefore unlikely 1o have
influenced the results, Unfortunately,
the prevalence of gallstones in the obese
children was also not assessed. An addi-
tional limitafion concerns the selection
of appropriate cutoff values for serum
liver enzymes in children. Unformunate-
ly. no standards exist for abnormal liver
enzyme levels in adolescents. The uss of
an ALT and GCTP cutoff in this study
correspending to the highest 2% of the
population is in accordance with stan-
dard laboratory procedures. In addition,
this study demonstrates that obese ado-
lescents have an increased risk of elevat-
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#d ALT levels even when h[ﬁh:r ALT

cutedl values are weed,
II'I. El.Lm:rn:IrJ.'; tl'l.E:E TEEIJ.I“ hig‘l’ilig‘h‘

the face that the metabolic conse-
quences of obesity begin in childhood.
Even though most overweight and
obese children with abnormal amine.
transferases have only steatosis, those
children with persistently elevated
aminotransferases may have fibrosis or
cirrhosis, In addition, it is Important to
note that one everweight adolescent
and one obese adolescent with elevate
ed ALT levels had antibodics to the
hepatiftis C virue, Therefore elevations
if liver chemistries in ohese children
should prompt the same evaluations
for other causes of chronie liver diseass
that would ha Fﬂ'ﬁmn-td in childeen of
normal weight, In particular, Wilson's
disease may cause elevations of liver
enzymes and steatesis. Adolescenta,
parents, and physicians also need to be
aware that even modest aleohal con-
sumption may significantly increase
the likelihood of obese adolescents
having steatosis or steatohepatitia.
We recommend that comprehensive
weight contral treatment should be
provided for averweight and obese
children with evidenee af liver abnor-
malities as soon as ]ms:.ibl:. In addi-
tion, future studies may indicate the
ugelilness of anticeidant thtl’i.F.!,l' in
the treatment of steatchepatitia,
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